Sharper turn-on

e Will use events with high efficiency only for
physics analysis
e No need to waste bandwidth with events in
turn-on
What can be done without any new effort?

e Turn-on can be sharpened simply by
combining 1, 2, 3 and 4 jet 4x4 thresholds.

e Accept a few kHz higher rate.

e However, community felt that they needed
more accurate level-1 jet counting ability
Implication of 12x12 algorithm

e 12x12 algorithm ~= 0.7 jet cone radius
e Sharper turn-on assured
e Better jet counting ability
e However,
e | oose physics in the turn-on portion

ej.e., H200GeV) - 1T > hhX
Saviour

e Dedicated Tt algorithm

e Use bandwidth saved by sharpening the turn
on for a narrow jet (1) stream.

Sridhara Dasu, CMS Trigger Group, UW-Madison
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Updated Jet, T Algorithms

Inputfrom E/HCAL: P T T ETTTEIT T T< E\?V%‘fr Active towers counted

Programmable 8-bit B after a trigger tower
non-linear scale [] level programmable
converted into10-bit | ] threshold. t-veto bit
linear scale for ] formed by requiring
sums to obtain jet B that there be no more
ortE.. [] than 2 active ECAL or
[ ] HCAL towersina4 x4
B region.
[l
- HCAL
PbWO4 L]
Crystal K ECAL
+“—>
JetortTE. < AnAe= 0'34>8

e 12x12 trigger tower E_sums sliding in 4x4 steps with central 4x4 > others
T algorithm (isolated narrow energy deposits)

e Redefine Jet as tif none of the 9 4x4 region 1-veto bits are on
Output

e Sorted top 4 jets & top 4 t-jets & counts of jets above programmable thresholds

W.Smith & S. Dasu, U. Wisconsin February, 2000



Jet/t algorithm - rece

NE 8 L Ovfl FG!

EME, LUT

LET7El Tli

Activity

coante] 2 regions/card
Minor revision of Receiver card LUTs
eJet E.LUTs (1 for ECAL and 1 for HCAL)
e Nonlinear 8-bit to linear 8-bit for jet sums
eEME.LUT
e Nonlinear 8-bit to linear 7-bit for EM algorithm
e 1 ECAL activity bit for generating 1 bit (new)
e FG/H Veto/t Activity LUT

e Address: bottom 4 bits HCAL non-linear E_ (pegged),
top 5 bits ECAL non-linear E_, FG bit

e Data: 1 bit EM veto(no change), 1 HCAL activity bit
(new)
4x4 Jet sum

e Sum to obtain 10-bit 4x4 region sum

e Output to Jet/Summary card
Activity Bit Counter (new)

e Sum 16 bits per E and H region separately
e All logic runs at 4x
e SumMs output to Jet/Summary card

Sridhara Dasu, CMS Trigger Group, UW-Madison



~ Input

e From 7 receiver cards
e 2 4x4 region 10-bit E_ + overflow values
e 2 4x4 region 2-bit activity counts (new)
e From 7 EID cards
e 2 Isolated electrons - 2 x 6-bit rank

e 2 nonisolated electrons - 2 x 6 bit rank
Processing
e T veto bit extraction for 14 4x4 regions (new)
e T veto bit set if E or H activity counts >2
o7 = (A'_ AND A ) OR (A', AND A% )
-Threshold 4x4 E_to get p__ bits

ISO

e Sort isolated & nonlsolated electrons separately
Output (For 18 HB/HE Crates)

e To Cluster Crate (new)
* 14 regions x (10 bits E_ + ovfl + T bit) = 168 bits
e To Global Muon Crate
* 14 regions X (U bit + p.__ bit) = 28 bits
e To Global Calorimeter Crate
* 8 X (6 bit E_ rank + 4 bit position) = 80 bits
e Top 4 isolated electrons
e Top 4 non-isolated electrons

Sridhara Dasu, CMS Trigger Group, UW-Madison



Implementation: Cluster Crate

RC RC RC RC RC RC RC RC RC | ™
18
Regonall 'RC| | 'RC | |RC| | IRC | |RC| | [RC | |RC| | RC | |RC-n
(RC)
9CP | cCluster Cluster Cluster Cluster Cluster Cluster Cluster Cluster Cluster
ICards | Processor | Processor |Processor | Processor | Processor | Processor | Processor | Processor |Processor
"~ 3CO Cluster Cluster Cluster .
Cluster Crate cards | Output | Output | Output | FOrM and sort 12x12jets, t

and continue E. sums

| .
Cables to global calorimeter trigger

Regional Crates send 4x4 energies and t-veto bit to cluster crate

e Uses diff. ECL links at 80 MHz - same as proven existing inter-crate sharing
Cluster crate shares data on a custom 160 MHz ECL point-to-point backplane

e Similar to existing regional crate backplane - same proven technology
Cluster crate uses 160 MHz Adder and Sort ASICs (Minimum additional latency)

e Existing Adder ASIC - already in production, just order more
Global calorimeter data

e Receives data for half the number of candidates but two types: jet and t

W.Smith & S. Dasu, U. Wisconsin

February, 2000
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Cluster
output
card

n&+n,
reg. crates

-3,0TT 3,07

9 Cluster processor cards
e Each covering 40°@Xx 6 n

e Input from 2 (+n and -n) regional crates
3 Cluster output cards

Sridhara Dasu, CMS Trigger Group, UW-Madison



Jet/t algorithm

Cluster Crate
e Clusters E_to 12x12 tower regions
e Classifies as jet or 1, ranks, sorts

e Forwards top 4 jets &ts to global calorimeter trigger
Cluster Processor Cards (9)

e Receive data from +n and -n regional crates
e Two 20° @ regions per regional crate
e 2 X 14 n towers x 12 bits = 336 bits
e Share neighbor data for two 20° phi regions
e Backplane data sharing for overlap = 336 bits

e Sum 3x3 region, i.e., 12x12 tower, energies with the center
greater than neighbors (prevent double count) requirement

e Convert result to 6 bit rank and 5 bit position
e Result: 28 candidates
e Classify as 1 if all 3x3 1 veto bits = 0 - otherwise as jet
e Sort to find top 4 jet candidates
e Sort to find top 4 1 candidates
e Sum +n and -n 20° ¢ sectors to get four E_ values
e 10 bit energy + 2 bit overflow (OR the overflows)
e Transfer output to Jet Cluster Output Card

* 4x11 bits (jets) + 4x11 bits (1s) + 4x11 bits (E;) = 132 bits
Cluster Output Cards (3)

e Receive data on backplane from 3 Jet Cluster Processor
Cards (3x132 = 396 bits)

e OQutput all data to Global Calorimeter Trigger
» 396 bits on 6 cables

Sridhara Dasu, CMS Trigger Group, UW-Madison
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Jet rate comparison

4x4 Jet trigger rate (original algorithm)
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12x12 Jet Trigger rate (new algorithm)
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Jet efficiency comparison
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High Luminosity T trigger rate
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Luminosity T trigger rate
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SUSY Higgs (M =200 GeV, tan[3=15)

H(200 GeV) - 1t -» 2 hadrons + X
Efficiency Comparison
Baseline algorithms vs new t algorithm

High Low
Luminosity | Luminosity
All
baseline 22.2% 86.4%
algorithms
Just the
new T 37.2% 76.1%
algorithm

Algorithm cutoffs are to be further optimized:

e High lumi: single T E. > 80 GeV, double 1 E. > 40 GeV
e Low lumi: single 1 E. > 50 GeV, double 1 E. > 30 GeV

W.Smith & S. Dasu, U. Wisconsin February, 2000




HF Trigger Mapping

New: 2 CMS HF Calorimeters mapping onto 12 32-Channel Receiver Cards
Old: 2 CMS HF Calorimeters mapping onto 6 32-Channel Receiver Cards

. Old: Ag=30° Wedgell half Receiver Card - 12 Channels

Each Receiver Card handles
two 30° Wedges, one forward
and one backward at same @
(using 24 out of 32 available channels)

New: A@=20° Wedgell

guarter Receiver Card - 6 Channels
Each Receiver Card handles

two 20° Wedges, one forward

and one backward at same @

(using 12 out of 32 available channels)

Readout segmentation: 36¢@ x12n x 2z x 2F/B
New Trigger Tower segmentation: 18¢ x 6n x2F/B
Old Trigger Tower segmentation: 12¢ x12n x 2F/B

Updated so that HB, HE and HF all use 20° @ divisions

e No simulation studies with HF yet
e ORCA implementation of trigger primitives & algorithms in progress

W.Smith & S. Dasu, U. Wisconsin February, 2000



HF algorithm; -

NLF 8
ET -Z

NLE 8

T +Z

l

+Z E, LUT

+Z Jet LUT
Moy | N2y | Na

Jett

et+zi nl n3 r]5

Jet

Counter v v v
Pairs Share LUT

Receiver card memory lookup tables - Reprogrammed for HF
e+Zand -ZE_LUTs
 Nonlinear 8-bit to linear 8-bit for E_ sums
e+Z and -Z Jet LUTs
e Nonlinear 8-bit to 1-bit jet threshold bit

e Address bits for -Z Jet LUT are ™E_?  instead of
NLE 0-3 NLE 3-7 and FG
T H? T E )
E.sum for each of 2 ¢regions

e Sum +Z and -Z towers together to obtain E_sum -
same as HB/HE

e Up to 16 n towers can be accommodated (using 6 now)
Jet count for each of 2 @regions

e Same counter as HB/HE activity counter

e Sum up to 16 bits per +Z or -Z region seperately to obtain 2
2-bit sums pegged to 3 on overflow
Output to HF Summary Card for each of 2 @regions

e 10 bit E. sum + 1 bit overflow
e+Z and -Z jet counts

Sridhara Dasu, CMS Trigger Group, UW-Madison



HF algorithm - summary;

Two HF Crates
e Each with 9 20° @regions
e 5 receiver cards (mods. on previous slide)
e One card Is half used
e HF summary card (different from J/S card)

e 2 receiver card and 7 EID card slots unused
HF Summary card (Variant of Jet/Summary card)

e HF Jet Counting

e Continue +Z and -Z HF-jet count sums
(separately) to get crate level 3-bit +Z and - Z
HF-jet counts

* HF E_sums

e Just pass through
HF Output

e To Global Calorimeter Crate
e 105 bits per crate
e 3 bits +Z jet count
e 3 bits -Z jet count
*9 @regions x (10 bit E. sum + 1 bit
overflow)

Sridhara Dasu, CMS Trigger Group, UW-Madison



Global Calorimeter Trgger

Output to Global Calorimeter Trigger
e From 18 regional crates
e Nonlso elec: 18 x 4 cand. x 10 bits (4 bit loc)
e |S0. electrons: 18 x 4 cand. x 10 bits (4 bit loc)
e From 1 cluster crate
e Jets: 9 x 4 candidates x 11 bits (5 bit loc)
e Taus: 9 x 4 candidates x 11 bits (5 bit loc)
e HB/HE E_: 18 @regions x 2 (+Z & -Z) x 11 bits
e From 2 HF crates
e HF E_: 2 X9 @regions x 11 bits

e HF Jet counts: 2 x 2 (+Z & -Z) x 3 bits
Global Calorimeter Functions

e Sort non-iso & iso electrons, jets and taus

* 6 bit E. and 8 bit location for top 4 objects of
each of the four types

e Convert E. sums to E, and E, and sum

e Calculate missing and total E_ information
e Jet count

e HB/HE counts (in n ranges), +Z and -Z HF
e Make Luminosity histogram

18 X 2 n bins

Sridhara Dasu, CMS Trigger Group, UW-Madison



Summary

New 1 and jet algorithms
e Conceptual design done
— Small modifications to regional trigger
Recelver card, Backplane and Jet/Summary
card
e New cluster crate
— Cards, components and functionality identified
— Design based on proven technology
> Data sharing at 160 MHz with a different
version of existing backplane
> Existing 160 MHz Adder and Sort ASICs
e Design features
— Minimum additional latency
— Minimal risk - proof of principle exists
e Performance
— Initial results look good
— Can be optimized further
— Simulation code being implemented in ORCA

Sridhara Dasu, CMS Trigger Group, UVW-Madison



	Regional Calorimeter Trigger
	Status
	Serial Links
	Phase & Boundary SCAN ASICs
	Final Backplane

	Design Changes
	New t and 12x12 jet algorithm implementation
	Performance


	Gigabit Copper Serial Link Tests
	Serial Link Test Results
	Serial Link Tests
	Vitesse 7214
	4x Gigabit inter-connect chip

	Belden Copper Cable 9182 (150 ohm 22AWG)
	20 m long - twinax - foamed dielectric
	$318/500 feet, i.e., $2.10 /m

	Equalization Circuit
	Optimized for cable

	Test Data
	Random input
	Triggered on 120 MHz clock

	Signal from one side of differential pair
	75 ohms termination



	Other Hardware
	Phase ASIC
	Layout complete
	Simulation indicates good performance
	Error detection code verification
	In C and Quicksim

	Handed over to Vitesse for fabrication

	Boundary Scan ASIC
	More than just IO controller
	Implements algorithms
	Data compression
	Overflow handling

	Drives signals on backplane

	Initial layout completed
	Passed Vitesse design review

	New Backplane (final version)
	Includes support for all algorithms in new design
	Including t trigger - see later

	Layed out and Routed
	~Ready for fabrication



	Summary
	Regional Trigger Components
	Successful Serial Link Tests
	Phase ASIC handed to Vitesse
	Boundary Scan ASIC layed out

	New t and jet algorithms
	Conceptual design done
	Small modifications to regional trigger Receiver card, Backplane and Jet/Summary card

	New cluster crate
	Cards, components and functionality identified
	Design based on proven technology
	Data sharing at 160 MHz with a different version of existing backplane
	Existing 160 MHz Adder and Sort ASICs


	Design features
	Minimum additional latency
	Minimal risk - proof of principle exists

	Performance
	Initial results look good
	Can be optimized further
	Simulation code being implemented in ORCA



	TauJet.pdf
	Level 1 Trigger Update
	Development of Level 1 Trigger
	Nov '99: HLT Results
	Jets & missing ETgroup point out where gains can be made in Level-1 t and jet triggers

	Nov'99: Internal Review
	Chaired by G. Rolandi & presented to SC, MB
	Request to review jet & triggers
	Request to review inter-species global topology triggers
	m & e with Df cut


	Jan'00:
	Collection of concerns by J. Virdee
	(see next slide)


	Feb '00: New Level-1 Trigger Proposals

	Concerns: Hadronic Physics
	Jet finding Efficiency and Jet algorithm
	At constant efficiency for a jet at the particle level can we decrease the Level-1 trigger accept rate? Investigate possibilities such as using sliding windows, e.g. in a 12x12 out of the 4x4's currently in place.

	Tau-trigger.
	The possibility of including a dedicated tau-jet trigger should be re-visited. The current Lvl-1 trigger algorithm, based on fixed 4x4 combinations of trigger towers, actually selects tau jets more efficiently than light-q and gluon jets. Examples: H...

	Missing Et resolution.
	What is the effect of adding the HF in the Level-1 trigger rates for Missing Et? Why is there a difference in the trigger tower granularity between HE and HF . How is the resolution degraded by the size of the LSB. What is the effect of quantization ...

	Multi-jets
	How useful is jet counting ? Are there examples where it is used ?


	Answers: Hadronic Physics
	Jet finding Efficiency, Jet algorithm & Tau-Trigger
	The calorimeter trigger group has developed a design for a jet trigger with a sharper efficiency turn-on and an improved efficiency for SUSY Higgs bosons that decay to taus. The new design combines the 4x4 region sums into 12x12 region jets with over...

	Missing Et Resolution
	The HF has been included in the calorimeter trigger design from the outset. The HF trigger phi region granularity in the baseline design is now the same as in the barrel and endcap. The Missing Et LSB size is set via a programmable nonlinear scale an...

	Multi-Jets
	Jet counting is retained in the design since it provides redundancy for high jet multiplicity SUSY events.

	NEW ALGORITHMS, DESIGN Þ

	Updated Jet, t Algorithms
	Jet or t ET
	12x12 trigger tower ET sums sliding in 4x4 steps with central 4x4 > others

	t algorithm (isolated narrow energy deposits)
	Redefine Jet as t if none of the 9 4x4 region t-veto bits are on

	Output
	Sorted top 4 jets & top 4 t-jets & counts of jets above programmable thresholds


	Implementation: Cluster Crate
	Regional Crates send 4x4 energies and t-veto bit to cluster crate
	Uses diff. ECL links at 80 MHz - same as proven existing inter-crate sharing

	Cluster crate shares data on a custom 160 MHz ECL point-to-point backplane
	Similar to existing regional crate backplane - same  proven technology

	Cluster crate uses Adder ASICs
	Existing ASIC - already in production, just order more

	Global calorimeter data
	Receives data for half the number of candidates but two types: jet and t


	Jet efficiency comparison
	Jet rate comparison
	SUSY Higgs (MH=200 GeV, tanb=15)
	Algorithm cutoffs are to be further optimized:
	High lumi: single t ET > 80 GeV, double t ET > 40 GeV
	High lumi: single t ET > 50 GeV, double t ET > 30 GeV


	High Luminosity t trigger rate
	Low Luminosity t trigger rate
	HF Trigger Mapping
	Updated so that HB, HE and HF all use 200 f divisions
	No simulation studies with HF yet
	ORCA implementation of trigger primitives & algorithms in progress



	HF Trigger Implementation
	Two HF Crates - Each with 9 20o f regions
	Essentially same as HB and HE regional crates
	5 (instead of 7) receiver cards per crate (no Electron ID cards)
	Calculates sums, Thresholds to determine +Z and -Z jets
	HF summary card instead of HB/HE Jet Summary cards

	HF tower mapping leaves room for expansion to higher |h|

	HF Summary card
	Replaces Barrel/Endcap Jet Summary Card (1 per crate)
	Continues +Z and -Z HF- sums (separately)
	HF ET sums in 9 f regions- sent to global calorimeter trigger

	Missing ET algorithm
	Convert HF ET sum to EX and EY & include in missing ET 
	 Global trigger now receives missing ET vector direction


	Level 1 Missing ET resolution
	What do we expect?
	SUSY (MLSP = 45 GeV, Mspart = 300 GeV) events average 411 GeV visible Et for |h| < 3
	Calorimeter resolution of 100%/sqrt(ET) Þ expect a  best possible resolution of 20 GeV
	CMSIM results show a Level 1 Trigger resolution of 28 GeV
	includes full algorithm & Programmable
LSB = 1 GeV scale

	Acceptable
	Reconstructed missing Et may also use 1 GeV cutoff



	Global Trigger
	Concern: Topological requirements
	Angular correlations (e.g. delta-phi) among different-species objects (e.g. e-mu) e.g. one cannot currently ask for an electron candidate opposite a muon candidate at L1.

	Answer: New design to add inter-species angular correlation
	Possible solution to provide delta-phi and delta-eta (if required) between different particles
	Initial anticipated restrictions would be: 
	Only a limited number of conditions will be available. 
	Calculation of differences(phi,eta) ONLY between TWO particles of different type; NOT between 3 particles...
	The calculation is done for example to find 1 muon and 1 iso. e/g opposite (or close) to each other in phi or/and eta. The 2 conditions are close or opposite. 
	For PHI use the coarse resolution of the calorimeter data.
	For ETA use LUT to project 0.1 Muon numbers to the 0.35 Cal towers.



	Global Trigger Inter Species
	Other Conditions:
	The muon and the iso. e/g  have to fulfill at the same time the normal other requirements (Et, pt threshold, to be in some eta-range...) to satisfy the trigger
	It may not be possible to provide all possible combinations of particle types, so there should be a priority established amongst:
	  muons -- isolated e/g 
	  muons -- non-isolated  e/g 
	  muons -- jets
	  muons -- tauJets
	  iso e/g -- jets
	  iso e/g -- tauJets
	  e/g -- jets
	  e/g -- tauJets
	  PHI of Et-missing against all others(muon, iso. e/g ...)



	ATLAS vs. CMS Performance
(at high luminosity)
	ATLAS numbers from Chapter 2 of their Trigger TDR
	 - Efficiency at threshold not stated (assume 90-95%)
	CMS numbers are for 95% (90% for muon) efficiency at threshold

	Trigger TDR Plans
	
	Jan 14: (Done) Deadline for List of all sections, subsections and subsubsections.
	Feb 21: Deadline for list of figured & tables, text that can be directly copied from existing notes, and section introductions.
	Feb 28: 9:00 - 13:00 (during CMS week) Trigger Editorial Board meets with other section editors to review material submitted and request revisions
	Mar 31: First draft of all text due
	Apr  7: All day meeting of Trigger Editorial Board with section editors.  Text is reviewed and revisions requested.
	May  2: Revised drafts of all sections due.
	May  8 - 12: TriDAS Review: Trigger TDR text released to TriDAS group (only) and TEB meetings held to go over text. Further revisions requested
	May 29: Revised drafts of all sections due.
	Jun  5: Revised text distributed to CMS members and Referees during CMS week and TEB meetings held to go over text.
	Jul  5: Comments from Referees and CMS management due.
	Jul 12: Full day meeting of Trigger Editorial Board to review comments.
	Sep 18: Deadline for revised draft.
	Sep 25: Revised text distributed to CMS members and Referees during CMS week and TEB meetings held to go over text.



	DesignChanges.pdf
	Jet/t algorithm - receiver card
	Minor revision of Receiver card LUTs
	Jet ET LUTs (1 for ECAL and 1 for HCAL)
	Nonlinear 8-bit to linear 8-bit for jet sums

	EM ET LUT
	Nonlinear 8-bit to linear 7-bit for EM algorithm
	1 ECAL activity bit for generating t bit (new)

	FG/H Veto/t Activity LUT
	Address: bottom 4 bits HCAL non-linear ET (pegged), top 5 bits ECAL non-linear ET, FG bit
	Data: 1 bit EM veto(no change), 1 HCAL activity bit (new)


	4x4 Jet sum
	Sum to obtain 10-bit 4x4 region sum
	Output to Jet/Summary card

	Activity Bit Counter (new)
	Sum 16 bits per E and H region separately
	All logic runs at 4x
	Sums output to Jet/Summary card


	Jet/Summary Card
	Input
	From 7 receiver cards
	2 4x4 region 10-bit ET + overflow values
	2 4x4 region 2-bit activity counts (new)

	From 7 EID cards
	2 isolated electrons - 2 x 6-bit rank
	2 nonisolated electrons - 2 x 6 bit rank


	Processing
	t veto bit extraction for 14 4x4 regions (new)
	t veto bit set if E or H activity counts >2 
	t1V = (A1E AND A2E) OR  (A1H AND A2H)


	Threshold 4x4 ET to get miso bits
	Sort isolated & nonisolated electrons separately

	Output (For 18 HB/HE Crates)
	To Cluster Crate (new)
	14 regions x (10 bits ET + ovfl + t bit) = 168 bits

	To Global Muon Crate
	14 regions x (m bit + miso bit) = 28 bits

	To Global Calorimeter Crate
	8 x (6 bit ET rank + 4 bit position) = 80 bits
	Top 4 isolated electrons
	Top 4 non-isolated electrons




	Cluster crate
	9 Cluster processor cards
	Each covering 40o f x 6 h
	Input from 2 (+h and -h) regional crates

	3 Cluster output cards

	Jet/t algorithm - clustering
	Cluster Crate
	Clusters ET to 12x12 tower regions
	Classifies as jet or t, ranks, sorts
	Forwards top 4 jets &ts to global calorimeter trigger

	Cluster Processor Cards (9)
	Receive data from +h and -h regional crates
	Two 20o f regions per regional crate
	2 x 14 h towers x 12 bits = 336 bits

	Share neighbor data for two 20o phi regions
	Backplane data sharing for overlap = 336 bits

	Sum 3x3 region, i.e., 12x12 tower, energies with the center greater than neighbors (prevent double count) requirement
	Convert result to 6 bit rank and 5 bit position
	Result: 28 candidates
	Classify as t if all 3x3 t veto bits = 0 - otherwise as jet
	Sort to find top 4 jet candidates
	Sort to find top 4 t candidates


	Sum +h and -h 20o f sectors to get four ET values
	10 bit energy + 2 bit overflow (OR the overflows)

	Transfer output to Jet Cluster Output Card
	4x11 bits (jets) + 4x11 bits (ts) + 4x11 bits (ET) = 132 bits


	Cluster Output Cards (3)
	Receive data on backplane from 3 Jet Cluster Processor Cards (3x132 = 396 bits)
	Output all data to Global Calorimeter Trigger
	396 bits on 6 cables



	HF algorithm - receiver card
	Receiver card memory lookup tables - Reprogrammed for HF
	+Z and -Z ET LUTs
	Nonlinear 8-bit to linear 8-bit for ET sums

	+Z and -Z Jet LUTs
	Nonlinear 8-bit to 1-bit jet threshold bit

	Address bits for -Z Jet LUT are NLET8+Z instead of 
 NLET0-3H ,NLET3-7E and FG. 

	ET sum for each of 2 f regions
	Sum +Z and -Z towers together to obtain ET sum - 
same as HB/HE
	Up to 16 h towers can be accommodated (using 6 now)

	Jet count for each of 2 f regions
	Same counter as HB/HE activity counter
	Sum up to 16 bits per +Z or -Z region seperately to obtain 2 2-bit sums pegged to 3 on overflow

	Output to HF Summary Card for each of 2 f regions
	10 bit ET sum + 1 bit overflow
	+Z and -Z jet counts


	HF algorithm - summary
	Two HF Crates
	Each with 9 20o f regions
	5 receiver cards (mods. on previous slide)
	One card is half used

	HF summary card (different from J/S card)
	2 receiver card and 7 EID card slots unused

	HF Summary card (Variant of Jet/Summary card)
	HF Jet Counting
	Continue +Z and -Z HF-jet count sums (separately) to get crate level 3-bit +Z and - Z HF-jet counts

	HF ET sums
	Just pass through


	HF Output
	To Global Calorimeter Crate
	105 bits per crate
	3 bits +Z jet count
	3 bits -Z jet count
	9 f regions x (10 bit ET sum + 1 bit overflow)




	Global Calorimeter Trigger
	
	Output to Global Calorimeter Trigger
	From 18 regional crates
	NonIso elec: 18 x 4 cand. x 10 bits (4 bit loc)
	Iso. electrons: 18 x 4 cand. x 10 bits (4 bit loc)

	From 1 cluster crate
	Jets: 9 x 4 candidates x 11 bits (5 bit loc)
	Taus:  9 x 4 candidates x 11 bits (5 bit loc)
	HB/HE ET: 18 f regions x 2 (+Z & -Z) x 11 bits

	From 2 HF crates
	HF ET: 2 x 9 f regions x 11 bits
	HF Jet counts: 2 x 2 (+Z & -Z) x 3 bits


	Global Calorimeter Functions
	Sort non-iso & iso electrons, jets and taus
	Output: 6 bit ET and 8 bit location for top 4  objects of each of the four types

	Convert ET sums to EX and EY and sum
	Output: 10 bit calorimeter wide ET, EX and EY

	Jet count
	Output: 3 bits each HB/HE, +Z and -Z HF

	Make Luminosity histogram
	18 f x 2 h bins
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